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ABSTRACT 

The study examined the effectiveness of a tutoring 
program on counting and number skills for trainable mentally retarded 
(TMR) and educable mentally retarded (EMR) students (5-14 years old). 
Experimental Ss received individualized instruction based on counting 
gaums while control Ss received instruction on objectives not related 
to counting. Analysis is presented of pre- and posttests on oral 
counting, counting transfer, counting by 10, enuroration and 
production of objects, enuswration transfer, p.'oductien transfer, 
cardinality rule, subitising, finger presentation of 1 to 10, 
order- irrelevance principle, and equivalence* Pretesting data 
suggested that basic counting skills cannot be taken for granted in 
retarded populations. The training was reasonably successful in 
extending Ss* oral counting sequence, suggesting that short-term 
intensive individual tutoring that focuses on count patterns is 
useful, perhaps especially with TMR pupils. Training was not 
generally successful in producing transfer. Findings suggested that 
if the S's cooperation can be obtained, oral counting training can to 
effective with mentally retarded children with relatively low mental 
ages. (CD 



******************************* ******************* 

* Reproductions supplied by EDRS are the best that can be made * 

• from the original document. * 
•••*••«•••*•*****•«**•*************«************************«********•* 



ERIC 



CENTER (SfW) 

Mmo. cfiW ««n «^ ^ 
j^production 

pofliton or p«*ct 



TMR and EMR OUldren^ Ability to Learn 
Cotintii^ Skills and Principles 



Arthur J. Baroody 
and 

Herbert P. Gin^Mirg 

Graduate Schwl of Eckication and Human Development 
University of Rochester 
Rochester, N.Y. 14627 



We wish to thank the administrators, teachers, and childroi of BOCES I and 
BOCES n(M(mroe County, NY), whose coc^)eraticHi made this study po^ible. 

This research was supported by NICHD (NTH) Grant HD16757-01. 

Paper {resented at th? anni^ meetii^ of the American fidiKsatimal Research 
Association, New Orleans, AfN'il 1984. 

••PERMISSK3N TO REWWDUCE THIS 




BY 



TO THE EDtTCATIONAL RESOURCES 
INFORMATION CENTER (ERIC)." 



TMR and EMR Childmi*s Ability to Learn 
Coimting Skills and Principles 



. PL 94-142 proposes that every mentally handicapped child has the right to an 
appropriate education. However, it is as yet unclear what constitutes an appropriate 
mathematics education for trainable and e<hicable m«itally retarded (TMP and EMR) 
children. In recent years, cognitive psychologists have made tignificant strides in our 
understanding of the mathematical development of normal IQ childr^i. This study 
used a cognitive approach to examine the Iramii^ of basic countii^ am] number skills 
or principle by TMR and EMR children to better defiiw how ttese populations should 
be trained. 

Many authorities (e^jf., HirslK>ren & Burton, 1979; I^mn, 1963) have argued that 
EMR pupils and TMR children, e^>ecially, are not capable of meaningful mathematical 
learning. On the other hand, recent research (eg., Baroody & Snyder, 1983; Gelman, 
1982; Spradlin, Cotter, Stevens & Friedman, 1974} has demoistrated that such children 
are capable of rule^vem«) as well as rote c<Hinting (i.e., oral counting beyond the 
first 12 to 20 rotely learned t«rms), eiumerating objects (i^se of a ons^oitB principle), 
the cardinality rule (the last count word uttered when enumeratii^ a set re^^ents 
the number of items in the set), the order-irrelevance principle (the order in which 
elements of a set are numerated <toes not affect the cardinal d^gnation of the mt), 
and choosing the large- of N and N ^ 1 pairs (N -f^ 1 N rule). Moreover, Gelman (1982) 
found that her sid>jects with mental ages (MA) greater than (but iiot less than) 4 1/2 
years (implicitly) appreciated the stable^rder principle (count word^ must be used in 
the same order tot every count) as well as the one-<me (H-imsiple (me am] (mly ont. 
count tag can be assigned to each item in a set), and the cardinality rule. This 
research attempted to ext^ [M^vious effcx'ts by directly exaniinii^ the learning 
(including the transfer and retention) of basic countii^ skills. It also acklressed such 
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Issues as (a) whether or not there is a critical MA for such learning, (b) whether EMR 
and TMR really (implicitly) appreciate eountli^ principles, and (e) if retantates can 
learn more "advanced" skills such as producing a specified number of objects or usii^ 
fingers to automatically represent numbers (to make cardinal representations). 

Method 

Design 

A total of 46 TMRs (IQ 33 to 50; CA 6 years & 0 months to 14-1) and 74 EMRs (IQ 
51 to 78; CA 5-10 to 13-S) from 15 classes in two upstate New York BOCES districts 
were administered the counting and number pretest. From the sid>ject pool, 26 TMR 
and 24 EMR ehlklren who could not mwcessfully {produce Vm count sequ«ice to 40 
were paired in terms of eountii^ skills and— to the extent posdble-^the other 
pretest results and randomly asdgned to an experim«ital or a control group. Both 
groups received a total of U hours of individualized instructioi. Subjects were tutored 
3 to 5 times a wee':, for 7 to 8 weeks. Experimental si&jects received training on the 
counting/number skills for which tt^ were (teficient— largely through the use of 
counting games adapted from the Wynroth (1975) program. Tokoi reinforcement 
procedures were avoided. Control sid>ject8 received instnHstion csi lEP objectives not 
related to counting. Two EMR std>Jeets were lost due to illness or behavioral 
problems. Subjects were individually retested immediately and again three and one 
half to four months after the training. Testers were blind to the subjects* groi^ 
assignment. 
Procedure 

Oral counting. On two occassions (1 to 4 days apart), the child was first askel to 
count orally and, later, to count as the exp^im«iter pointed at injects (stars affixed 
to 5 X 8 cards op candy). If the child stop(^ ctMinting before 40, the tester tyompted 
the child by asking what came next and then urged the child to continue. If the child 
maintained that s/he did not know, the tester supplied the unknown term. If the child 
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siiMtltuted an Invented term fw a decade (e^^ "twoity-ten*" for thirty), jumped to 
decade term beyond thirty (e^^ %^A% 60"), began reporting ^viously used segments 
Ce^^ "L..19, 1, 2, 3"), or began to spew terms (e^^ "L.a9, 16, 26, 80, 80"), the chiW was 
asked a cheek questicsi (i.e., the ehiSd was adced what came after the last standard 
sequence term given). If the ehUd did not th«i give a correct response to the check 
question, the tester suppUed the correct term. The task was terminated betixe the 
chOd reached 40 if the chfld was obviously uncomfortable about continuii^, after it 
was apparent the child had exhausted their standard seqi^nce, or after the child was 
supplied two terms and s/he again erroted. 

Unassisted counts included terms the child spontaneoioly generated or was 
prompted to give. For each of the tovr counts, three unassisted coimting scores were 
computed: (1) the highest standard sequence term achieved without assistance before 
any error was made ("unassisted high"); (2) "unassisted swings of four" score (1 point 
for each groi^ of four standard sequence terms in the correct onter; 0 to 10 points 
possible); (3) "unassisted correct terms to 40." The lattw scape was computed by 
awardir^ one point for each term between 1 and 40 raentiawd— as kwig as the terms 
relative position was observed. For example, out of a possible 40 points each of the 
following responses would have been awarded 7 points: "L..?;" "1...6, 8" 'T...5, 10, 40." 
One point instead of two, was given tor two correct but reversed twms (e.g., 1, 2, 3, 5^ 
4; 6 = 5 points). One half a point was given for uniqim, consistent, ^>ecific 
substitutions that permitted the chUd to continw with the stamlafd sequeiNie (eg., 
"ftveteen" for fifteen). No credit was given for iiworrect substitutions (e.g., 1, 2, 3, 4, 
9, 6... Of ...12, 13, 14, 14, 16...), No point was giv«) fw a correct standard term that 
foIloweJ an incorrect insertion (e.g., each of the following re^onses would have been 
scored 3 points: "1, 2, 3, 9^ 4;" "1; 2, 3, 9, 10, 4, 5;" "1, 2, 9, 10, 3, 4, 5"). 

Assisted counts included terms generated after the tester had given a check 
question or supplied a term as well as all spontaneous and prompted terms, for each 
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of th« four eoimts, two a»isted coiaiting scores were computed; (1) *^assisted strings of 
four" score (siqiplied terms and correct terms in response to a cheek question did not 
coimt toward a string of four) and (2) *tai8ted correct terms to 40." The latter was 
scored like unassisted correct terms to 40 except that terms after testw intervention 
were included and one half point was awarded for correct re^cnses to check 
quejtions. 

The best two of the four scores in e^h of the five score categories was averaged 
for the data analyses. Only the top two scores were used to hett^ insure acctuvte 
mea»irement of eompet^we. 

Counting TVansfer. lYansfer was gauged by asMssii^ the adjects* ability to 
generate the couni sequeiwe fh>m 41 to 106. (The experimental training did not involve 
counting beyond 40.) A trial was administered on two different occassions. If a child 
did not get to 40 on his or her own effort, the tester asked: "What comes after 40 
when we coiait?" A {H'ocedure similar to that for XM l»^c cotaitii^ ta^ was 
followed—including the use of prompts and supplied terms. Unassisted and assisted 
counting Mere each scored in two ways: correct terms (0-60 points possible) and 
strings of tour (0-15 points possible). Sewing was done in the same manner as 
described for the basic TOuntii^ task. 

Transfer was also gauged on the immediate and (telayed post-test by requiring 
the children to use their mental number line to produce the number after a given N 
(e.g., "What follows 7, 8' whai we count"). A total of 12 trials (f<Hir involved single 
digit response; two, te^; four, two-digit; and two, decades). If a child re^K>nded 
incorrectly, the tester later read ministered the triaL Two points were given for a 
correct respor»e, and one point was given for a c<HT«;t respc«»e on the second 
administration of the triaL Thus scores could range from 0-24 points. 

Counting by tens. The tester explained, "Would you help "Cookie Monster" [a 
muppet] count his coupons. Each coupon !s worth 10 c^its, so let^ count by tens to 



fliK) out how much Cookie Monster has. If the child remained silent, the tester 
eommented, "If we cotmt by tena, what cornea aftff 10, 20...?** One point wk scored 
tor each ccHreet decmte betweoi 30 and 100 (0 to 8 pts). 

Biumeration and produetiwi of objects . The eountii^ of a set of objects and the 
counting out of a specified number of objects from a ^lantity of objects was gauged in 
the context of a store game. There were a total of eight eniun««tion and eight 
production trials presented on two separate occasions. Half the trials for each tasic 
involved small quantities (2 to 5); half large (7 to 10). The tester introduced the task 
and first presented a i»«ctice enumeratlcm and prodiRstim tHals '*Now we¥e goii^ to 
play the store game. You can be the st»pptf, and ni be the storekeeper. Here are 
some envelopes (the tester spread out t!a^ envelopes in front of the ehU^. How 
many envelopes are therel heVs count to see." If the chUd remained silent or made 
no attempt to use 1 - 1 counting, the experimenter said: **Count with me; this is one 
[pointing to an envelope!; now you keep going.** If the child still did not count the set 
or use 1 - 1 counting, the tester finished r^mmstrating the countii^ procedure: *<Thte 
is two [pointing to the next ^velopei, this is three [pointing to the last envelop^. 
Now you count them.** If the diild still did not respcHUi or um 1-1 cmmtinif, the tester 
proceeded with the practice production trial: '*Ychj can take «m envelo|>e to as a 
shewing bag. Take j^t me cnvelc^.** TYimx tte oiumeraticHi and (n^uction test 
trials were administered in alternate order. Production trials were read ministered if 
the child did not stop at the specified N ch* simply graU>ed a bmeh of objects. 

The numeration trials were sewed acccs'ding to the following criterion: 4 
points for ccrrect 1-^3 points tor a tag error with COTrect 1-1 {e^g^ o o o), £ points 
for a single partitioning or coordination error, 1 point for two errors (any combination 
of taggir^, partitionii^, or cocmlinatim errors), and 0 points for more than two errcffs 
or no 1 - 1 (see Gelman & GaUistel, 1978, for definitions of the error typ«). The 
enumeration of small am! large sets were sewed separately (0 to 16 posdble {K>ints for 
each). 



The prodtMUon trials were scored aeecr^ing to the foUowii^ ^iterlon: 2 points 
for sueeessAjlIy produeing the apeeified numher of objects, 1 point if one or two minor 
mm were made (but a 1 - .1 principle was observed) or if the child was successful 
when prompted to recount. 

a 

Enumeration Transfer. Transfer of the enumeration training was gauged in two 
ways on the posttests. First, on two ot^aasions, ad>^t8 were given an extra large 
enumeration trial (18 blocks and 13 ehips, respectively). Tl^ i»t»eedure and scoring for 
the trials was the same as that t» the OHiroeraticm trials. Heiwe a child% total score 
cmdd range from 0 to 8. 

Seeoid, on two occasions, a child was shown a number of objects and asked if 
the correct number of items had been presented. Specifically, In the cmtext of a card 
game, the rhUd was given 3 cards and asiced if s/he had the ewrect number 3. Other 
comparisons were 7 cards where 8 was the correct number; 4 caidlB where 5 was 
correct, and 9 cards where 9 was correct. The child ma aUso a^ed if a muppet 
("Cookie Monster") took the right number of objects (5 sheets of papa* where 4 was the 
correct amount, 8 dots where 8 was correct, 4 ^leets of paper where 4 was correct, 
and 8 dots where 7 was correct). Jn ea<^ of the four small and four large number 
trials, two points were awarded If the child spontaneously made an effort to use 1-1 
counting to check; 1 pointed if the child did so with promptii^ (eg., "How can you find 
out if Cookie Monster took the right number of dots?" or "How do you know that you 
have the right number of cards"?). In either ease, the child did not have to enumerate 
the set correctly to be awarded the point(s). "Scims" (child simply says numt>er words 
as his/her glides over the array) or "flurries" (child simply points reputedly at the 
array, but not in ccyrespomfence with tiw number wmtb) were aewed as unsuceenful 
responses (0 points). Two points were also awsided for each trial in whidi the child 
spontaneously re^>ond3d ap(»^iately; one if s/he responded appropriately with 
prompting ("Did Cookie Monster take the right number of dots; is he a good or bad 
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Cookie Monster"?) &i eittmr ease, the child YmA to enumerate the set correctly and 
indicate that either the •^correct" anmimt was present (e.g., "Yah he took four papers 
las Cookie Monster sImiM havd") or not (a.g^ "No, bad Cookie Mmster," "He took too 
many," or "He needs more"). Thus for each trial, a score of 0 to 4 was possible, for 
both the small and large number tasks, a total se^ of 0 to 16 was possible. 

Production Transfer. Trmter of the production trainii^ was gat^ in two ways 
on the posttests. First, on two oeeassions, an extra large production trial was 
administered (12 and 1$, respeetivelyj (TVainii^ did not involve sets of more than 10.) 
The transfer items were administered and scored in the same manner as the production 
trials. Thus, a total score of 0 to 4 point? was possible for each of the small and large 
number ta^cs. 

Second, on two oeeasdons, the child was asked to create sets in ways that 
modeled every day sitiations. bi the context of a card game, the child was asked to 
give him/herself or the tester a specified number of cards. The child was also 
instructed to take a specified numb^ of objects (paper or dots) as prizes for 
himself/herself or a muppet. &i all, there were six small and large number trials. 
For each trial, a spontaneoi» eff^ to i»e H counting to pro(Atee the required set was 
scored as I point. The child did not have to produce the correct number of items to 
receive this point. For example, if a child ^xmtanttMisly started to count out objects 
but did not stop at the specifled value or became distracted and stopped the counting 
too early, one point was awarded. An additional ^joini was awarded if the child made 
only a minor H error (e.g., counted out the r^t number b'Jt then included an extra 
Item, left out a number tag, faUed to tag an item), and an additional two points was 
awarded if the child produced the correct number of items. Tbio the score for each 
trial could range from 0 to 3, the total small or large task scofe could rai^ from 0 to 
18. 
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Cardinalitv Rule. The eardiiuuity rule was evaluated with four small numt»er 
trials and four large number trials. Sets of 1, 4, 7 and 10 wwe wlministered in random 
order on the first oceasslon; sets of3,5,8and9oiithe seeond. The tester instructed, 
"Now weYe goii^ to the *Hidden Stars' game. Count these stars out loud." The 
tester presented the practice trial consisting of two stars and ^len eontimiedi "When 
you're (tone, ni cover them, and you tell me how many stars Pm hiding." The t^er 
then encouraged the child to count the array, covered the array am) a^ed, ''How many 
stars am I hiding"? If the diild did not re^x>iMl, dk) not respect the 1 - 1 principle, or 
gave a tag other than the last tag gmrated in his/her eoimt, the tester mo(telled the 
correct procedure. The tester used his/hw fingw to count the stars ("one, two,") and 
commented, "So t»»re are ^wo stars." The tester then turned the card over and askeds 
"How many stars am I hi<Sng? U the child dk) not re^xmd or responded ii^orrectly, 
the tester said, "I think I counted two stars. Let^ see toter turned the card oveH, 
Yes, one, two." The exp^mental trials were then administered. A trial was scored as 
correct if a child applied tlm rule regardless of enumeration correctness. If a child 
simply repeated his/her count sequence in re^onse to the how many question, the trial 
was scored as incorrect. The child was scored on the number of small and large 
number trials separately ((M correct possible for each). 

Subitizing. Automatic recognition of die patterns Vvee, four, five and six were 
evaluated twice on two occasions for a total of tixte«i trials. The tester explained: 
"Let% play the Tlace Game'." Do you want to be the cowboy or Indian? aK. Let^ 
put our men here at the starting line, m roll this to see how many ^ces your 
[figurine] can move, [the tester manipulated a die so that the Hrst practice trial 
showed: 2 dotj. How many is that?" The tester then instructed or helped the child 
move his/her figurine two spaces. The tester then manipulated the die so that the 
second practice trial showed (one dot} and the same procedure as above was repeated. 
Then, In random order, the experimental trials were presented (the same numt)er was 

er|c 1 0 
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not presented twice in a row). The criterion for automatic recognition was a correct 
label for the die pattern in 3 seconds w less, without counting. A diild was considered 
able to recognise a number pattern if s/he was correct for the pattern at least 3 of 4 
t^es. A ehild^ score was the number of die patterns s/he couM recognize (0 to 4 
pos^ble). 

Fiwr representation of 1 to 10. An ability to hold up a specified number of 
fingers was evaluated in a Tii^ Game." A total of 8 smaU number aiul 8 large 
number trials were administered on two occa^ons. The child was instrueteds "Now 
we're going to play the Tii^ Game*. Show me one fing^." If Mcessary, the tester 
added: ''Hold iq> one fii^r." If the child still did not respond* the tester said, "Let me 
show you one finger (tester heU Mp first Hnger of left hand). Now you hold 19 one 
finger." The tester helped the child if neeenary. lyt&i in random OTder the small 
number (2, 3, 4, 5) and large number (7, 8, 9, 10) trials were given. The same trials 
were presented durii^ a second session. To be aiccessful, a child had to display 
automatically (within about 3 seconds) a (ordinal representation of the number. 
Unsuccessful responses included cowiting out the specified number of filers, slowly 
showing the fingers, and an inability to represent the number with Hirers. 

Order-irrelevance Priiwiple. On two occasions, two small and two large number 
trials were used to gauge a chiltTs appreciation that starting point and the order of a 
count did not affect the cardinal de^gnation of a set. For each trial, the child was 
asked to count a set of bloclcs. For half the small and large number trials, the tester 
then pointed to the last item enumerated and asked: "We got N counting this way [the 
tester indicated the direction of the subject's count! ; what do you think we would get 
if we started here [tester pointed to the end-iteni] and coioited the other way [the 
tester indicated the opposite direction and rov«^ the array to prevent further 
counting"? For the other half of the small and large number trials, the t^ter pointed 
to the mid-item, after the child^ initial count and asked: "We got N counting this way; 
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what ck> you think we woukS get if we started here [tester pointed to the mid-item] and 
counted all the blocks [tester made a sweepii^ motion over the whole set and covered 
the set to (H^ent further eountii^"? &iterspersed amof^ the experimental trials 
were cheek trials to prevent <^ detect a r^ponse bii». h the cheek trials, the tester 
added one block and saids "You counted N bloeksi ni add one more; how much is N and 
one more altogether?" The number of correct r esp onses to the small Bnd large number 
trials were tallied (0 to 4 points posdble for each). 

Equivalence. A total of four small numbw trials and four large number trials 
involvij^ matchii^ a set from a sample were administwed over two sessiora. On each 
occasion, the child was first wlminktered two practice trials (sample = Is choices = 2, 
1, 3 and 2s 1, 3, 3). The child was told: Let's play the "Cat (Dog) Game." "Look at this 
eat (dog)— see how many balls it has (the tester pointed to tho sample of the first 
practice array). Can you find a cat (dog) down here that has the same number of balls 
as this cat (dog)?" If the child was correct, the tester commented: "That's good, this 
cat i6o^ \jp here has me, and this rat (dog) <town here has one." If the chiU was 
incorrect, the experimenter explained, "This cat (dog) up here has one ball, this cat 
(dog) down here has one." The second practice trial was then administered in the same 
way. The experim«ital trials were »jministered in an idesitical manner, exc^t that 
no fee(B>ack (correction) was provi<ted. The experimental triab on the first occasion 
were administered in the following <»der: 4: 4, 3, 5; 3: 4, 5, 3; 8s 10, 6, 8; and 10s 11, 10, 
9. The trials on the second occasion were 4s 5, 4, 3| Ss 3, 7, 5; 7s 7, 9, 8; and 9s 10, 8, 9. 
Success was defined as 3 or 4 correct matches for both the small ami large number 
task. 

Results and Discussion 

A repwt of the results and their e<!hJ«iti(mal and tlworetical impUcatims are 

described in two sections: (1) Ability Data and (2) Tk«ining Results. The first section 

focuses largely on the pretest results. The secmd section foetses on the differeiK^e 
(gain) data and evaluates the effectiveness of the experimerital training. 
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Ability Data 

On the pretest, an ability to generate the cowit sequence varied greatly within 
the st^jeet pool and in many ways parali 1 that of young nor mal IQ childrwi (see 
Table 1). With the exception of one child who used letters on oci:* Ion, the subjects 
used only numb^^ in their oral counts and thus dearty distinguishe*! between counting 
and noncoimting words (cf. Fison, Richards, k Briars, 1982). TTie subjects ocearfOMlly 
exhibited rule-governed errors such as sid»tituting "twenty-ten" for 30. This is 
cCiisist«it with earUer r^earch (Barood: & Skiycter, 1983} that indicated tj»t impUcit 
rules underlie count sequence prodtMtior i mmtaHy retarded as well as normal IQ 
chUHren. Thus, except for tl» first portion of the sequence, it may be that ccnitii^ 
nv^ < ?A>t be tai^t in a rote fash'.on to the mentally retarded, b othw worcb, it may 
be useful to exploit the stiiicture of the number sequence in teachir^ even low 
functioning children to count. Moreov^, errors awh as substituting "five-teen" for 
fifteen, or "tenny-teen" for twenty should be taken as encouraging sdgi^ for they 
siqS^ recognition of a number sequence pattern. 

The count sequences of some »^jects consisted of an Initial conventional 
portion, followed by a stable n<mc€«venti(Mial segment ami a final nonstable 
nonconventional "^w" (cf. Fuson & Hall, 1983). Many subjects, however, did not 
appear to have a stable ncmconventional portion and simply ^wed or repeated 
previously used portions after exhaustii^ their standard sequence. Fuson et al. (1982) 
argue that the production of spews is inconsistent with a stable-order principle (cf. 
Gelman, 1982; Gelman & Gallistel, 1978). Mveower, the repetition of terms in 
nonconventional segments by many subjects would seem incOTsistent with not only a 
stable-orde principle but a "imiqueness sc ieme" (an appreciation f« the need to 
generate a sequence of distinct terms) (cf. B^roody & Price, 1983). These results are 
consistent with data on normal IQ children that suggest that a stable-order principle 
and a uniqueness scheme may be relatively sophisticated countif^ notions (Baroody & 
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Price, 1983). Thus it may be helpful to provicte mentally retarded childroi explicit 
guidelines concemii^ these counting principles (e.g.t "VThm we count things, we must 
make sure to use a new number for each thing we point to*1. 

On the other hand, it should be noted that these eountii^ principles are very 
difficult to evaluate. That is, some of the subjects may have implibitly appreciated 
the need for a stably ordered, unique number sequence but, because of the demamb of 
t'j*e task (e.g., the tester^ prompt to give the next numbw), the child may have 
responded incorrectly in (^der to continue and thus please the tester. Moreover, under 
«>me circumstances a spem or a r^>eated term is irat nec^sarily in is^ent with 
knowle<^ of a stable-order principle or a uniquene^ scheme. A child might implicitly 
appreciate that numbers sNhiM have a particular (»rder and that ^ch term ^Knild be 
distinct, but performar.f factors may limit their ability to observe these principles 
when they count. For example, a child may exhai^ his standard sequotce and not 
remember what s/he had previcMi^ said in mch a ritttttion. As a result, the child may 
choose different ncmstandard t&ms on differmit oc^isions. However— on eadi 
occasim to coimt^f the child a{^>reeiat^ tt» stable-order {Mrinciple, s/he will pvoid 
repeating standard «■ nonstambird tern» (that s/lm remembers i^i^. Thw a spew or 
repeated term per is not inconsistent with a stable-ordter principle. It is essoitial to 
investigate the nature and reason for a childr^^ spews <^ repeated terms in <MxIer to 
pass Judgment on their knowle<^ of their count (H'inciples. Needed to investigate 
stable-ordCT am) uniqueness principles are ^u^ful case stiKlies oi studies in which the 
child evaluates perfc^mances t)»t violate these principles. 

The testing also shed some light on the "decade problem"— i.e., how childroi 
learn the correct order of the decades so as to count to 100 by ones. Fuson et al. (1982) 
outlirw three hypotheses concerning how ^ildren solve the d^ade (»t^lem: (1) 
Chiloren can learn the decades rotely as emS items tor rach series; (2) they can learn 
the decade (count by t&rs) by rote ami use it to fill in tte count by ones sequence, or 
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(3) they can learn that the decades are a modifled version of the original 1-9 sequence 
and use this knowle<%e to fill in the ones eoimt. This last hypothesis was illustrated by 
one EM R subject who would get to the end of a series (e^., ".^58, 59") and then used 
her original seqtienee to figure out the next decade (e^., *% 2, 3, 4, 5; 6— ah six-ty"). 
This procedure was repeated until she got to 100. Other data at least partially si^)port 
the first hypothesis. Some sibjects could not c<Mint by tern but were able to count xjp 
to 30 (or even 39) but not further. That is, they learned 30 as the end item for the 
proceeding series ("...28, 29, 30**) and some were able to continue until they got to the 
next decacte (40), which they h^ not memorized. In Mef, it may be that some 
children must rotely Imim some of the decac^ before they see the pattern/rule for 
generating the decades ("i^ the original sequence 1-9 but add -ty"). Thus, for some 
children, a combination of hypoth^is 1 (or 2) and 3 may be a{^licable. How moitalty 
retarded {and nwmal tQ) childr«fi solve the ctecade (Htiblem d^irly nee<!b further study 
(cf. Fuson et al., 1982). 

Gelman and Gallistel (1978) note that coordinating the skilte of generating an oral 
count and pointing to each item in an array may be e^>ecially difflcult tor 
preschoolers when tryii^ to start or aid the enumeration process. While there b some 
question as to whether or not normal IQ preschoolers typically malce "co<^nati(») 
errors" (Fuson & Mierkiewicz, 1980), such errors (e.g., not tagging the first or last item 
or continuing the numt>er after pointii^ to the last item) were common in this 
TMR/EMR sample. Nevertheless, most of the EMR and TMR subjects could 
effectively enumerate small sets (see Table 1), and nearly all made an effort to i»e a 
one-<Mie scheme with at least small number trials. There wns little evid^ce of a "list 
exhaustion" scheme (a teiKtency not to si<^ tt^ ctHint sequence after the last item of a 
set had been tagged), which Wagner and Walters (1982) claim precedes a one-one 
scheme. That is, there was clear evidence tJ»t even severely retarded children can 
learn a "stop rule" (stop the count sequence after the last item of a set is tagged). 
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which Wagner and Walters argue develops relatively late. However, longitudinal 
research with (mentally retai*ded) chUdren who initially have no enumeration ability is 
needed in order to adequately test Wagner and Walter*s hypothesis that a list 
e;|haustion scheme necessarily precectes a one-one principle developm«italIy. 

Moreover, most (but not all) appreciated the cardinality rule—the special status 
of the last count w<Ht!s in the «ium««ti(m grocer However, use of the cardinality 
rule does not necessarily imply a de^ appreciation of cardinality. It may simply 
indicate that a child has learned to respcmd to the "How many?" qiiestion with the last 
tag generated in the enumeration process (Fuson & Hall, 1993; von Glaserfeld, 1982). 
This argument is m9>ported by the observatim that a number of sid}jects, despite little 
or no effort to use the correct count sequei^ or 1-1 counting, nev«lhcless, resp<mded 
correctly to the cardinality rule tasic. ?or example, givoi 15 stars one boy counted: 
"1...5, 19, 14, 12, 10, 9, 20, 49, 1, 2, 3." h\ resporee to the tester's qimstion of how many 
stATs theiv were, he responded: "S" Given a set of 10, another boy announced "1, 2, 3, 
4 as his fuiger skimmed over the set; given a set of 7 and 15, he reacted the same way, 
cnnouncing 1...6" and respectively. In each c&se, he re^M>nded to the 

cardinality question coirectly. 

Unlike Gelman'^ (1982) study, towever, our results did not indicate that a mental 
age of 4 1/2 has special significance. Gelman found that below this MA, her subjects 
showed fK> sign of stable-c^der, (me-<me or cardinality principles. We analyzed the 
pretest results of 13 subjects who were included in the training study (as either 
experimental ch* control std)jects). "Hie results are summarized in Table 2. Nine of 
these subjects exhibited no consistency In the terms they chose after exhausting their 
standard sequence (scored No in Column 5 of Table 2) , and four exhibited only some 
consistency (scored Weak in Column 5 of Table 2). Moreov^, only two chiklr^i tended 
to avoid repeating (Mrevioi»ly used (and easily remembered) terms (eg., banning with 
If 2, 3... again, repeatii^ the same term succemively, repeating one ixr m<^ of the 
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t^ms 1 to 9). One of these childroi did not repeat a (»>eviously ised terms imtil he got 
to the thirties (1...34, 35, 34^ 40...), and he repeated a term on only one of four trials. 
Because 11 of 13 children tended to spew and repeat t^ms that they stouk) have 
remembered using, it appeared that most si^jects with a MA of less than 4 1/2 years 
did not appreciate the stable-order principle. However, because of the relative 
difficulty of the principle or difficultly in measuring the principle, these r^ults are 
not greatly different than those with mentally retarded children of a greater MA (or 
normal IQ chil(fren of an equal MA). 

No direct evidence was collected on a H principle. Nevertheless, seven children 
enumerated 1 to 5 objects with 100% accuracy, two macfe only a single minor 
enumeration error, and the rest (4) enunerated at least ludf the sets correctly. These 
data suggest tNit mentally retarded children with very yom^ m«ital ages can learn to 
count objects in a manner c(msist«iit with a one-one principle. Moreover, 9 of the 13 
consistently used the cardinality rule with small sets (i.e, were correct on at least 3 of 
4 trials). While use of the cardinality rule in itself does not imply a very deep 
understanding of cardinality, other evidence suggests that at least a few of these 
children appreciated the cardinality (»rinciple in a meanij^ul Five were 

successful on the order-irrelevance task. That is, they appeared to appreciate that 
order in which elements of a set are enumerated in does not affect the outcome (the 
cardinal ctesignation of a set). MoHreover, seven were able to automatically 
represented 2 to 5 (hi their fingers an at least half ii^ trials. This indicated that they 
automatically associated a cardinal term with a particular di^lay of Angara (comsrete 
cardinal repres«itati«i). Finally, three children could ctmreet <m csie half w more of 
the small number production trials. That is, they could, with some consistency, 
register a cardinal term and count out objects until tNy reached the target. This 
indicates that they mastered what Fuson and Hall (1983) term the cardinal-count 
transition, a somewhat more sophisticated cardinal notion than the cardinaUty rule. In 
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sum, there was a rai^ of evidence to indicate that at least some mentally retarded 
with in MA of less than 4 1/2 appreciated both the one-«ie and cardinality principle 
The difference between our results and Oelman^ may possibly be due to the aeactemic 
emphasis of our subjects' school programs. 

Consistent with earlier findii^ (Baroody & Shyder, 1983; Spradlin et aL, 1974) 
producing a specified number of objects was a relatively difficult task. For example, a 
number of adjects would begin coiaiting out objects but did not stop after reaching 
the specified amount. This has been attributed to a failure to remember the goal of 
the task (see Resnick & Ford, 1981). Specifically, "kM>^top errors" may be Aie to a 
failure to register or to for^ettii^ the specified amount (registered-deficit 
hypothesis). Another possibility is that the diild registers (and can later recall) the 
^>ecifled numbi^ tnit, beeai^ the coimting process so taxes w«klng memory, tlK 
child fails to match the specified N to the N in the count sequence (matching^eflcit 
hypothesis). 

In addition to no-stop errors miKSe ti^ many nibjects, we obwrved another 
interesting production error. Asked to count out a set (N), the child would produce the 
incorrect number of items but would label the last item with the specified N. One 
TMR boy often made a no-stop error but sometimes en6ed his count with the correct 
tag. F<^ example, a^ed to give the tester TOven play d<fllars, he respmviei by 
counting out objects with the following tags: "1, 2, S, 4, 5, 6, 7, 8, 9, 7." That is, the 
child failed to stop when seven items had been counted out, iHit ai^»eared to remember 
the goal (*<get sev&i items) and so tagged the last item in the pile "seven.** Another 
TMR boy regularly made this "end-with-N" error tnit usually after abbreviating his 
counL For example, in r^ponse to count out seven (tollars, he counted: *% 2, 3, 4, 7". 

Note that, because these subjects (repeatedly) ended their {^eduction process 
with the "cwrect" tag, an end-with-N error cannot be rec(»iciled with a register- 
deficit hypothesis. This errw is not inconsistent with a matchii^ failure hypothesis. 
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fn the first example, the child is unable to simultaneously count and match and so fails 
to make the match. However, with the Usl item— fteed of the ctemands of the 
counting process—he was again able to recall (focus on) the goal of the task and so 
labeled the item **Beven«" to the second example, the child may have dealt with the 
overload on working memory posed by simultaneously counting and remembering the 
goal by abbreviating the countii^ process. That is, tt» child skipped to the target tag 
(N) so as not to forget it. This may account for a number of sid)Jects who could 
correctly produce small sets of say 2 or 3 t»it made an ewJ-with-N error with larger 
sets. Alternatively, these 'Incon^mt*' sid^Jects may have simply been trying to 
minimize their effort on the more demanding large production trials. That is, to avoid 
work they merely gave the t^ppearance of pwforrali^ the task ai»] then «id the N the 
tester had requested. Because the two TMR boys described above were isiable to 
produce either small or large sets and because their solutions to the small number 
trials did not save them effort, it does not seem that their end-with-N errors wei? 
merely the result of a perfwrmanee failure (a Type n error). 

Thoi^ the matching-deficit hypothesis mi^t account for the emJ-with-N errors 
of the two TMR boys described above, we believe that anothw explanation (a 
eonceptual^f icit hypothesis) is plausible. It may be that these two mentally retarded 
subjects had not achieved a very sophisticate im<terstandii^ of cardinality. More 
specifically, it may be that these children remembered the specified amount but, 
because of an inability to make what Fuson ami Hall 0983) the "cardinal-count 
transition" (appreciate that the cardinal term 5 can represent the same thing as the 5 
in the count sequence), they have no basis for even attempting to make a match. 

Briefly, the pretest results also indicated that an (»^r-irrelevance principle, the 
use of fingers to represent 6 to 10, automatic recognition of number patterns and 
determining the equivalence of larger sets were relati rely diffksult tasks for TMR and 
even EMR children (cf. Baroody 4 Snyder, 1983? Spradlin et aL, 1974) (see Table D. 



19 



-18- 

Again, howevw, there was a very witte range in performance. For example, a few 
EMR children even eidUbited elementary reasonii^ ability on the equivalence task. 
After determinif^ the an^iait of the sample set, several subjects c<Minted the first and 
the second nm-matching dwices and th«i— without counting the last choice— correctly 
concluded that the last choice was the match. 

Like Gelman^B study (1982) this evidence suggests that basic countii^ skills 
cannot be taken for granted in retarded populations. Unlike most normal IQ children 
who acquire informal ddlls spontaneously through everyday experiefices, many 
retarded ehiklren may need remediation of such basic skilte as g«)erating the count 
sequ«ice, enumerating objects, and a canUnality rule— not to mention more 
sophisticated ^ills such as producing a specified amount or establishing the 
equivalence or mmequivalme of two sets. Unlike Gelman^s results, however, a 
mental age of 4 1/2 did not appear to be critical for learning these ^ills. Thus these 
results do not support the eonclt»ion that countii^ trainii^ or experi«ice would be 
useless for retardates with an MA less than 4 1/2. Indeed, one of the most striking 
characteristics of the pretest data was the wide variation in abilities within what 
might be thought of as relatively homog«»ieois groi^ps— ev«i within tte elementary 
level (6-to lO-year-old} TMR children. &i brief, the rraults umierscore the argum«it 
that general labels are not i»eful for educatioiwl plannii^ and t}»t di^osis needs to 
focus on individual assessment of specific skills (e.g., Baroody & Giiraburg, 1982; 
Ginsburg & Baroody, 1983). 
Training Results 

The training was reasonably succ^ful in extemliiig the TMR and EMR si bj^ts* 
oral counting sequeiwe. The TMR experimental st&jects improved at a statistically 
significant level on four of the five coimting tcot^ m the immediate p(»ttest and wi 
all five counting scores on the (felayed posttest (see Table 3, lir^ 1-5). ImSeed, the 
TMR experimental subjects not only tended to retain their gains better than their 



ERIC 



-19- 



eontrol counterparts but some appeared to eontinue to improve after the trainingy 
rather than lose groimd betweoi the posttests* The EMR experimental subjects 
improved at a statistically signiflcant level on oU five immediate posttest counting 
scores, but they retained a statistically significant advantage on only two delayed 
posttest scores (see Table 4, lines 1-5). The gaiis by both experimental groups was 
accomplished despite the fact that the control 8id>jeets continue to receive their 
routine mathematics instruction, which typically included oral countii^. The better 
performance by the TMR experimoitals might be attributed to their somewhat larger 
sample size, older age, and/or greats reliaiwe on individualized instruction. 
Moreover, becai^ of the limited pool of EMR chilib^ available, several EMR 
subjects were included that were seeded in the scre^Ung as borderline in 
cooperativeness. In brief, the results si^est that, in general, short-term, intensive 
individual tutorir^ t)»t focises on count patterns is iseful ev«i, pertaps especially, 
with TMR pupils. 

While the TMR and EMR experimeital sid>jects outperf(»'med the control 
subjects on the counting transf^ tadcs, the differences did not reach statistical 
significance (see Tables 3 and 4, lines 6-10). Thus, while an analysis of individual cases 
indicated that a few TMR and EMR experimental si±»Jects appeared to generalize their 
learning, the training wts not generally successful in producing transfer. The data did 
indicate that while some sid>jects were still in what Tmm et at (1982) call the 
acquisition phase of c^'al cowting dev^c^ment, many were in the more advaiwed 
elat>oration phase. That is, some std>jects could not produce int^ior terms 
independently. Many though could induce cmtiguous terms without producing the 
whole sequence. Mm^ver some of these sid>jects could even ise the coimt sequence 
to solve mentally simple additim problems. Thus it a^^fmrs that evcm TMR diildren 
can learn applications for their oral count sequence, if given enough time and 
experiefwe. 
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FcNir of the TMR exp^moital sid>jeets matte imiH'esive gains in their ability to 
eount by tens. Unfortinately, this mas not «kh^ to produce a statisti^dly 
significant tfifferenee (see TttAe 3, Uiw 11). Almost half (5) of the EMR experimental 
sitf>ject3 improved their count by tm ADl— almost enoi^ to i^oduee statistically 
significant results on the immec^te posttest (see Table 4, line 11). 

While enumeration training with larger sets (6 to 10 object^ was not successful 
with TMR dviWren, it had some success in promoting learning and transfer with EMR 
sid>jects (see lines 12-lS, Tables 3 & 4, r^>ectively). The trainii^ was apparently of 
ii^fncient (hiration to have an impact cm the (Ntxhictimi of larger sets ot its transfer 
for either TMR or EMR children (see lines 16^9). This is eonsistoit with previoits 
research that has shown that the production task is an especially diffimilt one for 
mentally retarded populations. Nevertheless, the fact that some EMR and TMR could 
successfully produce up to 20 items suggests that, given sufficient training, this skill 
can be mastered by ttwse po(MJlatioi». 

There was some evidence of incidental learnii^ (cf. Row, 1970). A numbo* of 
TMR experimental std>jects learned to recognize at least a few of the number patterra 
on tl% dice used in «>me of the training activities, twt the gain iras m>t retained (see 
Table 3, line 20). A number of EMR cxpaimental sid>jects also macte signiflcant 
improvement, but the di^erence did not reach statistical significance on eith^ 
posttest. 

Unlike the TMR grot^, EMR experimental subjects showed some improvement in 
their ability to represent numb«9 6 to 10 on their fingers (see lines 21 in Tables 3 & 4). 
Unfc^tunately, the gain was not retained on tt» delayed postt^t. (Trainir^ was 
hampered in a number of cases becai^ siA>jects had previoioly learned to ^^jgn" 
numbers. This strongly interfered with their learning to use their fingers to make 
either ordinal (seqt^tiaD or cardirml reprasmtations of numb«^) Both automatic 
rec(^iti(Hi of die patterns and automatic cardinal re{M'esentati(ms with the fingers 
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may be important meai» for faeilitating the development of more economieal addition 
strategies later (see, e^^ Baroody & Gannon, 1983; Bley & Thf^nton, 1981). 

Finally, the training dU not result in learning the order-irrelevance principle or a 
bettw apfweciation of eqtiival«iee (lines 22, 23, and 24 in Tables 3 & 4). A.'^in, the 
trainfa^ may simply not have been of sufficient duration. Because some subjects were 
competent in these arras, it apprars that thcK eone^ts are l^uitable the^ 
populations. 

To adcfress the issue of whetl^ or not there might be a critical level of 
development for trainii^ mentally retarded children, the experim«ital std>}eets* oral 
coimting trainii^ results were analyzed in terms of mental age (2 - 11 to 6 - 7), IQ (33 
to 71), and chronological age (7 - 1 to 18 - 5). As can be seen in Table 5, these factors 
were m>t ^gniHcantly related to the various counting (gain) scores on Posttests 1 and 
2. Moreover, the children with the lowest MA (less than 4 1/2) did not learn at a 
significantly less significant level than did children with a greater MA (see Table 6). 
Thus, it appears that, if the child^ cooperation can be <^tained, oral counting training 
can be effective with mentally retarded children with relatively low mental ages. 

&i eonelusim, the re»dts on the oral countif^ training, at least, st^est that 
individualized instruction that does not rely on token reinfc^cement can produce 
learning and retention in EMR and even TMR children. Transfer was not demonstrated 
but this may have been (ftie, in part, to the brevity of the intervention and the in- 
adequacy of the traisfc^* measures. Success of tf^ oral eountii^p did not apprar to be 
depMtdent v^fon mmtal age— at least fc^ the range inducted in this study. Clearly, 
much resrarch still needs to t>e (kmc to e3q>lwe the leamii^ of basic counting and 
number skills and principle by the mentally retarded. 
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PerfonBMice of Study 1 TKR and EMR Si^Jects on ti» Pretest^ 

TMR (N-26) EHR (N-24) 





Convetcnt 




Deficient 


Conqyetent 


Weak 


Deficient 


Count I*i3 


e2< 


23* 




o7S 


1ZS 


I2S 


lV-19 


«2« 


m 


23S 


37S 


21S 


<i2S 


20*29 


3U 


19% 


SOS 


25S 


ITS 


5«S 


30-^ 


OS 


27* 


73» 


OS 


2$S 


75S 


Count by tens 10-40 


19* 


2n 


541 


25S 


12S 


62S 


Count by tens 50-100 


k% 


m 


85S 


' 4S 


21S 


75S 


Emmeretlcm 1-5 


65S 




OS 


54S 


k6% 


OS 


Enumeration 6-10 


27* 


38% 


35S 


29S 


25S 


46S 



PrcMiuctlon 1-5 


38S 


15S 


46S 


46S 


29S 


25S 


Production 6-10 


19S 


23S 


58S 


29S 


21S 


501 


Fingers 1-5 


46S 


31S 


19S 


67S 


21S 


t2S 


Fingers 6-10 


m 


4S 


85S 


12S 


21S 


67S 


Equivalence 1-5 


15S 


38S 


46S 


25S 


37S 


37S 


Equivalence 6-10 


8S 


15S 


77S 


m 


25S 


12S 



For count by ones, count by tens, and finger representations of nwnbers: 



coR^tent " all Items correct; 
Meak ■ 1 or 2 errors; 
deficient - 3 or more errors. 

For enimratlon, production, and equivalence: 

competent " 76S or more of the trials correct; 

weak - 26 to 75S of the trials correct; 

deficient - 0 to 25S of the trials correct. 

' Does not Include data of subjects who were excluded from Study 1 either because their 
skills were too advanced or because their behavior or multiple handicaps precluded 
valid testing. 
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Corr«|jtiofi« l»t««rn MA. IQ» or CA 4nd Cjch of the Zomt Scores for inoer I mentals with toual Orlqinal Ability 
Un#9sist«4 High 



(N - \k) 19 - 191 



Post t 
0.39 
0.16 



Post 2 
0.^9 
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T«rMi to ^ 

(N - 12) [10 -26.5] 



Post I 
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0.?9 
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-0.27 
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0.3^ 



Post 2 
-0.55 
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0.09 
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0.28 
0.40 



jjote. For each count score the nuniber of subjects Included In ttw analysis Is Indicated in parentheses. The ran^ In the pretest scores 
is Indicated In brackets. Pretest scores In the upper range that may have been subject to a ceiling effect twre not Indued. 
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Table 6 

A Conq)aris<yi of Hean Gain Counting Scores for Expertwentals with MA Less Than and More Than k 1/2 







Unassisted 


Unassisted 




Assisted 


Assisted 




Unassisted 


Correct 


Strings of 




Correct 


Strings of 




Hiqh 


Terms to i»0 


Four 




Terms to kO 


Four 


Group 


Post 1 Post 2 


Post I Post 2 


Post 1 Post 


2 


Post 1 Post 2 


Post 1 Post 2 


MAi'i.S 


1.9 5.^ iH'k) 


10.3 9.3 (N»5) 


1.^ 1.9 


{H'k) 


10.7 9.5 (H'k) 


k.Q 2.1 (N«4) 


MA>i»,5 


10.! 10.8 (Nolo) 


7.8 7.3 (N=7) 


2.2 1.7 


(N-6) 


12.2 9.3 (N=8) 


1.9 1.9 (N-7) 



Hole. None of the mean differences were statistically significant (Mann-Whitney test). 
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